The correlation between the CP asymmetry in B → φK s (S φKs ) and the chromoelectric dipole moment (CEDM) of strange quark (d C s ), which is constrained by the electric dipole moment (EDM) of 199 Hg, is studied in the supersymmetric (SUSY) models with the right-handed squark mixing. It is known that, if the right-handed bottom and strange squarks have a CP-violating mixing, such as in the SUSY SU(5) GUT with right-handed neutrinos, the induced gluon-penguin diagram may give a sizable contribution to S φKs . However, when the left-handed bottom and strange squarks also have a mixing, the conspiracy of the left and right-handed squarks may lead to a sizable d C s , which is enhanced by m b /m s . While the estimate for the EDM of 199 Hg, induced by d C s , might have large uncertainties due to the hadron and nuclear dynamics, the current bound implies the gluon penguin contribution by the right-handed squarks to S φKs should be suppressed and the deviation of S φKs from the Standard Model may not be so large. Also, we discuss the constraint from the EDM of 199 Hg in the SUSY SU(5) GUT with the right-handed neutrinos.
The CP violation in B → φK s is sensitive to the new physics since b → sss is a radiative process [1] . Recently, the Belle experiment in the KEK B factory reported that the CP asymmetry in B → φK s (S φKs ) is −0.96 ± 0.50 +0.09 −0.11 , and 3.5σ deviation from the Standard-Model (SM) prediction 0.731 ± 0.056 is found [2] . At present the Babar experiment does not observe such a large deviation as 0.45 ± 0.43 ± 0.07 [3] . Thus, the combined result is not yet significant, however, the Belle's result might be a signature of the new physics.
It is known that the supersymmetric (SUSY) models may predict a sizable deviation of the CP violation in B → φK s from the SM prediction. If the right-handed bottom and strange squarks have a sizable mixing, the gluon penguin diagram may give a nonnegligible contribution to b → sss in a broad parameter space where the contribution to b → sγ is a sub-dominant. The right-handed squark mixing is well-motivated in the SUSY SU(5) GUT with the right-handed neutrinos, since the tau neutrino Yukawa coupling may induce the large mixing between the right-handed bottom and strange squarks [4] .
Nowadays, B → φK s in the SUSY models is extensively studied [5] [6] .
In this paper the correlation between the CP asymmetry in B → φK s (S φKs ) and the chromoelectric dipole moment (CEDM) of strange quark (d First, we review the constraint on the CEDM of the strange quark. For the detail, see
Ref. [8] . The effective Hamiltonian for the CEDM for quarks is given by
It is known that the CEDMs of the light quarks generate the T-odd nuclear force, N NN ′ iγ 5 N ′ , via the T-odd interaction of π 0 and η to nucleons. For the EDM of 199 Hg, the EDMs of the constituent nucleons are electrically screened and the dominant contribution comes from the T-odd nuclear force [9] . Now the CEDM of the light quarks are strongly constrained by measurement of the EDM of 199 Hg atom as [7] 
based on the QCD sum rule calculation in Ref. [8] . The coefficient for the CEDM of the strange quark is suppressed compared with those for CEDM of the down and up quarks, (2), the uncertainty from the nuclear dynamics is dominated, and it might be large. The neutron EDM may also lead to the constraint on d C s comparable to Eq. (3) though it depends on the calculation [10] . Also, the authors in Ref. [11] show from the QCD sum rule that the Peccei-Quinn symmetry suppresses the contribution of d C s to the neutron EDM. Thus, we do not use the constraint from the neutron EDM in this paper.
In the SUSY models, when the left-handed and right-handed squarks have mixings between the second and third generations, the CEDM of the strange quark is generated by a diagram in Fig. 1(a) , and it is enhanced by m b /m s . Using the mass insertion
where mg and m 2 q are the gluino and averaged squark masses and c is the QCD correction. We take c = 3.3. The functions N i are given as
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Here, we neglect the contribution proportional to A b since it is sub-dominant. From this formula, it is obvious that the right-handed squark mixing or the CP violating phase should be suppressed. For example, for mq = 500GeV, µ tan β = 5000GeV, and (δ
In Ref. [12] the neutron EDM is discussed in the SUSY SO(10) GUT, in which the left-handed and right-handed squark mixings are induced. They show that the EDM of the down quark is enhanced by m b /m d due to the diagram similar to Fig. 1(a) . Now, let us discuss the correlation between d C s and S φKs in the SUSY models with the right-handed squark mixing. As mentioned above, the right-handed bottom and strange squark mixing may lead to the sizable deviation of S φKs from the SM prediction by the gluon penguin diagram. The box diagrams induced by the right-handed squark mixing also contribute to S φKs , however, they tend to be sub-dominant and do not derive the large deviation of S φKs from the SM prediction. Thus, we neglect the box contribution in this paper for simplicity. The effective operator inducing the gluon penguin diagram by the right-handed squark mixing is
When the right-handed squarks have the mixing, the dominant contribution to C R 8 is supplied by a diagram with the double mass insertion of (δ (Fig. 1(b) ). Especially, it is significant when µ tan β is large. The contribution of Fig.1 (b) to C R 8 is given as
up to the QCD correction. Here,
In a limit of x → 1, C R 8 is reduced to
Comparing Eq. (8) 
up to the QCD correction. The coefficient 11/7 in Eq. (16) changes from 3 to 1 for 0 < x < ∞.
In Fig. 2 , we show the correlation between d 
and κ = −1.1 in the heavy-quark effective theory [6] . Since κ may suffer from the large hadron uncertainty, we take κ = −1 and −2. From this figure, it is found that the deviation of S φKs from the SM prediction due to the gluon penguin contribution should be tiny when the constraint on d C s in Eq. (3) is applied. If we loosen the CEDM constraint by a factor of 100 or more, the large deviation of S φKs by the gluon penguin diagram with the right-handed squark mixing is possible. Now we showed the strong constraint on S φKs from d 
and the mixing is enhanced by the large angle of the atmospheric neutrino. Here, we assume for simplicity that the right-handed neutrino mass matrix is diagonal. m ντ and M ντ are the left-handed and right-handed tau neutrino masses, U is the MNS matrix, and M G and M GU T are the reduced Planck mass and GUT scale. The CP violating phase
is inherent in the SUSY SU(5) GUT [4] . Since the phase of U 33 U ⋆ 23 is suppressed due to the small U 13 , the phase of (m 
The CEDM of the strange quark is larger than the experimental bound when M ντ is larger than about 10 12−13 GeV and (
is of the order of 1. This means that the measurement of the EDM of 199 Hg atom is very sensitive to the right-handed neutrino sector in the SUSY SU(5) GUT. The current experimental bound on the EDM of 199 Hg atom is determined by the statistics, and the further improvement is expected [7] . 
